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~ WD 2011/ 009549PCT/ EP2010/ 004283 - 1 - Method for the production of

stret chabl gygle¢i§pdes The present invention relates to a ﬁrpmmogﬁﬁzs:;

producing extensible el ectrodes. Here, elgectrically conductive car
particles are introduced into a surface layer conprising an

el ast omer . \BEsErof MdiABaRAoh bfitRcHaBlt frodd Particul ar, carbon
nanot ubes. "The Tnvention turtner refates to an 5Sextensi bl e el ectrode

whi ch can be obtained according to the invention and al so the use of
such an el d&¢ PEget sptRInrelaien 6t apeseEdRTRPINNE RifawRlefdictrpdrs) Here, electrically
ext raor di N@pyiubERRGFHoh §Rrtickl U infrBiuctX &P h Surfida8her %Bﬁqﬁr%ghaﬂ §13§1‘&9&1‘t These
100 tinmes that of steel, their thermal conductivity is about tw

that of di &WOPRIPatiBles cat Ber paPartewidsi Farben Bsnohess Tiip invenbgodethen aféfptes to an
reduced spr ggeatite 88Grdab finfch @ e 6L SiniRld acd@ain@ RAHRE tvihiioh 58B1sE Brethse of such an
mul ti ple of the conductivity of copper. However, these

struct ur e- elsFEded characteristics can be obtai ned on a mol ecul ar

| evel only when carbon nanot ubes can be successfully distributed

hormgeneomayboa@ﬂn@lﬁégwNJrs@ra&ek&%t@pme@re%oﬁﬁﬁa\e@%p&rh@s tIHJ&)se%raéiﬁlm%lQQheu
medi um can be established, e. the nanotubes are conpatible with

nmedi um and SE&§tR iR a'goubéo%@ra?ﬂ that @f s(prelr Geifthemaal pongustiysy e abewtrtvicg|that of diamond,
conducti Vi ieir tHerhal @hBHRy NSEERS ALY 1d 28OGTMuARy qeadcg@agrésxure 13d their electrical
honogeneous network of tubes in which these, in the id case,

cont actiOon&ondieiiigreap ey Biltipeotetigsondustivity ¢fheoppar H@wewarquse strgcture-related
shoul d i de@hdryctdRiiAr BHEBE Bfnired WAk ElolellirViedtabn N ANRE URRDN hanBrubes can be
aggl onerate-free, not be allgned and be present i'n a concentration at
whi ch such saecesholli dietribyied ompasnrensly 4idi c¥ery drgeeioniaels aep beiweandhe jubps and the
increase i fheli@ @haketdslabdhed QROME thhYdrinés al% c%mfpamg W o mbd¥em and can thus be
concentration of carbon nanotubes (percolation limt). 20El ectrically
conduct i ve Skl efisparsed. iorsaardsn Alaetaeal \iensHeBYBF 11 '8 lsoHrshgreapip form an optionally

slightly, hbm8dendduk nethdfless ABGNANKER! h&t MBS Q& che, uned: $1ﬁranother only at the
appllcatlon or exanple, under the catchword "intelligent

cl ot hi ng", evdseleIBi Begridpr agnoibesehopls] ideally b grasens ag isekatad; individpal yrpagubes, ie.

i mpl ant s, glg&hé}@t@sée 10 6¢ ARhELATIAIRERAN lns:@Eon%yrﬁltaﬁ&ﬁat(mcmmetwork can be
dielectric astoner actuators. In such applications, nechanical

el ongat i ondorEsh Whislyis TefssiRI e dhe YepaincIsaRs (B ths\aiclpaloumdwt T ahy fusetionef the

custonmary %&QﬁﬁﬁﬁbmBﬂﬁﬂﬂhﬂgﬂﬁﬂﬁg?&%m&ﬂﬁnhhﬁ el ectrodes has been
restricted to the choice of an astonmer which wi thstands the

-

reqU|red mechani cal stresses .and subsequent treatnent thereof wth
el ect ri*fal WC%?JH’U@PFWVW@WI&Wéose?ﬁ%@tleraeﬁ§ g oy slighdfy, 1f at all, under

exanpl e, ceoReiaichfresathObe RbACKS apslicHRing| fob QUERNS Mﬁéﬁiﬁe%@h@meq&daﬂgm
in a I|qU|d tri §$$ pai nted onto the el astonmer surface. After

evapor at | offlogyng’ dienigy elepeogs Fﬁt?fﬁkbéﬁrel?‘ifmt%é“‘@oﬁa’tﬁé‘ﬁ prsthesew miggpelectro-

remai ns 30@RcKARaEIyREHE (MEMs»j\aﬂh gielestsit QRstOherVadiulakS IR QflsicARYs, Bfechanical
found in the publication_ by R Ghaffarian et al. in Journal of

Opt oel ectrBHP%%IOWHW%F{E@ACSR/H%PMP§Vﬁ£é@"% 9, 3585-3591. The
probl ens associated with this nmethod are obvious. The el ectrode can

det eri gsat ghasitRerfoeSistoina®f apfRaEAAIrGRbdusihp @%&nsH1E cltafodts ASABRA trétkrdidYed to the
di fferent Qha af exte si.bilities than the carrjer elastonmer. The
latter |eadtoitip ohaaygRe Epeyilistaatias e ﬂFﬁ’PﬂE‘f‘iﬂLﬁm?&% #dePosggat treatment

mechani cal tl&'&doﬁ&&th elé@ﬁ@%&e&ﬁém&ﬁpzﬂ&@hﬁ@éﬁ&&m w8, for example, conductive
carbon blacks or metal powders which are embedded in a liquid matrix and painted onto the

elastomer surface. After evaporation of the solvent, a thin layer of the conductive material remains

30 on the electrode. A discussion of various methods may be found in the publication by

S. R. Ghaffarian et al. in Journal of Optoelectronics and Advanced Materials 2007, 9, 3585-3591.

The problems associated with this method are obvious. The electrode can deteriorate as a result of
mechanical stress and has fundamentally different mechanical extensibilities than the carrier

elastomer. The latter leads to the less elastic electrode rupturing earlier under mechanical stress.



i

Such cracks represent breaks in the conductivity and can overall |ead
to a | oss iWotZae/bebaes i on of such an extensible two-layer ﬁ:?&%@ﬁ%mzss
Al t hough the variant of applying the electrically conductive materi al

to a preelongated el astonmer enables a few percent of elongation of

the el ectr adey LAcRG G R AKD i h’&@ c&ﬁﬂ&ﬁut?fan& bg Wef'a‘ﬂl 9&{?19t§t 'igﬁ it h{'Itlon of

| oss of conductivity, coating an el astoner wth an electro

mat eri al s§eth AsxEpnbleEre- l?éerﬁﬁlckli@ﬁ Alhoagls the WFI‘FPQEOmemngéIW alesreosily @ﬁ@ﬂ'@cflve
i ncrease | '?natté?l%l & mgmbﬂgate@r@aﬁdw eha%@e% few p%rééﬁtt &fa&{ga&d O8F th eﬁeaﬁode to be
mechani cal ﬁgertl es of the extensible electrode. Dependi ng on

appl i cat i orgampdinthg @pgea¢f§he prR¢langation Wt Joaseaf couflucthatystoafifgeefi anglagfomer with
the car i el glodinl @ MlerfXEaPH Bkl SIOLELARE Brif 20 A

percol ati or?nl |emt of etrlhe el ectr u(%e mat err ?@ ﬁésggbg%ﬁgl}lgggﬁ&gg I%é%ag&nthe]a
nor e r ecentmosiplygpnd thus lepds| te a detenpratiannin thpemenhinicad atopertiesef\thmersensible electrode.
Materi al s &?Jndm’ggen 48 § 1@k aﬁha?ﬁgteléﬁngs Q:Qn ei/é?lr ﬁ(ﬁmﬂa% 1551{}1?% of the camer
extenmbleeectrodescﬂbeo tal ne ymxmgo arreta

a radi at i orflastamabixeeedingshoimsrangy wogs wyor beforgploprecolation limi od g electrode matenal
reduction %Xsﬁ?é@&%cl%ﬁ. a reduction solution. Two aspects have to be
taken into account for successful processing of carbon nanotubes if a
15 material is, for exanple, to be nmade el ectrically conductive

their d8e: In héloff‘ofﬁ?ﬂﬂé%tEdYbEe%mﬁllh@-ahpﬂ ‘éilﬁ@“@@quweéMWbéHOhé?»o?tﬁ@?réﬁ?’:*
aggl oner at ggyeaR r&HPBF %)?a?ﬁ&é" 10k ekBRivdd El@ﬂﬂ)d&@&g%%taﬂed %?rntBQﬂg of a metal salt
nanot ubes to reagcgqyprrerate in one and the sane nediumduring the

agi ng pr oc&dd praditionHeraple slaswaicn greserseruetmpauefl, spERg perh redectipnvey migans of a
fini shed mygkidlshtidiese difficulties associated with the processing

of carbon nanotubes are due to the hydrophobic character of the

carbon nanot ube 20surface and the high aspect ratio of this

pseudo- one-THOMSRRSESOlRYF 1@ bF kel Ao apqouphior sugcpuill mEaserinBed catben mangsebes if a

preventigd ff-@Maf e SAmPR, RNRMANMe @]e&hl%ll’}‘cbﬁﬁu%h\?c' Yy tRdif @& @E Bomplete breaking-up
arrangenent in the, form of bundles and/or a | omerates, their

conpat i bi | |ﬂtl§/dw'ﬂ4%mg REcaRATMIIETCRGE RBETa LS %lpt’réssw o Hhersaargtgndepgyof carbon

it shoul d Bendddeeth thAgdiombiewi (ﬁﬁ-bne £RVAE 8ithe hiddah @ﬁﬁi&;'tﬁé’-%};lﬁ@ EHccess or during
carbon nanotubes can actually inmprove their conpatibili tp

pol yner medfasRsingRf sch ¢ dispesippio givg e finishsd neatesigny Bresq ¢1ﬂ‘§wtlp%@ﬁc@e?§éldwth the

(thermal) Eﬂﬁessﬁlgr(m &FRRIdahdtibed gk Hite1Atke aRARPRIbIJ 8RB TR ERFbn nanotube
However is surface nodification also interrupts the delocalized r

el ectrdfl sygrtf%ﬁ%ff the high psppe satigrrd thivRrsudosgdiacnsineal s ustrs-i cal
conductivity of each individual tube as a function of the degree of

functi onal iiz@ticemon TR wbENERUEILE @Eevﬁxﬁétpfrbﬁrlﬂidinéadni & g?fmlﬁl@d'ulﬁpﬁ} their alternate
nanot ubes by neans  of for fﬁ%ﬁ@w di spersing . 30 additijves

r epr esent s AHAPEEIER iR e fgan o rdigr agelgmenatehtheinepmiprbility githathe surrounding

maki ng t he piedRgshas eip@incRhRAVWIED, it SRuREindfBd th@\WE3HREal, doValBR FurdcBomBzation of
taken into account tbhat this appr oach requires_fresh opt| mzatign in

respect of CFHER SHRAMDER FIP ATRPLLY HEWEBR dhsik FUTRAGNiBY Withdis aelpmer medum. This is

di sper 9kng réideiel,i ¥@ EQMpRAGH HL\MhdIREH Mhéraasr ﬂ)‘ﬂ%&ﬁ'mOEtaNm&t BRI thd absence of
an el astoner raw material or .an elastoner fornul ati on and can never

provi de a difEglemeraions Glaneven this §yfase modbisatinpopier missripts gho Galogdized g clectron

Finally, ifyssdaoul theD@b&oiRi0ihtid)adduath thd eREASS  RFduRfivify bt QIR indii@h1 dhtRTas a
car bon nanotubes al so incurs . the risk that a new property, for

exanpl e t hémsligefithedegres ghinetionalizeyon. can possi bly be achi eved but at
the sane tinme a nunber of other, for exanple mechanical, properties

can be vvor smaeldncoma& ﬂuﬁcti@ﬁﬂﬁ@tioaﬂ Jafycaelfdnt hBafubMIgN nfé@dsban fé}aé)@ﬁlytée&spersmg
are inc ted into unfo ct and/ or elastic

Resi dugb hgRHiGViE ERERnRHT: ?ﬂt%ﬁ%e iochemist spyent @%@cm%k%wy alakmg the tubes

conpl et el y c&upmm Wibethe nePias HogeRE,aCIRS So bERKESRRY acchl (heXBI¥Rberokdh Bquires
conpact shaped part, a._preferential rupture point. Mechanical
fresh optimization itl respect of the chemistry and the concentration of the respective dispersing
additive for each new medium regardless of whether it is an elastomer raw material or an elastomer

formulation and can never provide a universal sclution.
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abovenenti oned di sadvant ages of sol vent consunption, the increasing
viscosity ag@ dfgo@dyer se 25effects on the nmechanics of t%mﬁmromz&g
matri x. WO 2008/150867 A2 di scl oses a pracess for enbeddi ng particles

in a substrate. In this process, a fluid which has a popul ation of
particles rﬁﬁéll?gt L 9@§$tecptﬁ9c aﬁ?ﬁ{o@&hﬁ% bisﬁllefs gl'cﬁﬁﬂg t&Bor ﬁn&tﬂﬁesrﬁé?)gﬁcurs the
fromabout 0.1 nmto about cmis a | east part of

substrate. nﬁbfﬁﬂi TREW JAPIE, %a%amelf tbﬂﬁlethalswﬁwavmWntma&lblr h@achleved but at the
substrate sghl ens ﬁguﬁH&hotaotH&gT&eextaﬁﬁfe Iﬁeaﬂmpa@rpr%e éréah%e%o@é&da’frh,s is
| east 30 part]| nbedded in the softened region of the substrate.

| east part egfecighecritispkvientcarbos nanpheyare mdoporriaddateeniosmed. rampast anc&@rsqlasnc
one par ki ClsGydnss, REGEEhNIRIRAAASH H Ruvk 6 RIRSHIE RS Be bl Shipied HB%&
heati ng caﬁﬁzl d the gnﬁ%ﬁ di ng of %artlc %s Ee eﬁ% 35 %’ carbon the
particl es dgliseersiag peogess aerresaitofonlseample ined gempsdeshepddspapion p@é@@mlfal wnnrfypomt
descr i bed. Mg fRIRb&#ed dof f e Bt &NbuARRL b flodh bdfhpaired
enbeddi ng of ST‘veﬁB%aﬁﬁs Ctlct %gﬁ%n p% yV|njfﬁ%ﬁﬁ%r%g% paired by such
2011/ 00954 9ptTneIpies) 1.6¢Q B theq previcgh $EIqUErit |n}akmgh@rceme@nﬁtmmr@ dlegtrically
be a need fogfubdRr Weﬂidﬁ 096@15%5%0& YanRERIUGLIG dr%éﬁlf‘e“%{eblcﬁb(ﬁl B
havi ng conductive carbon particles 1ncorporated rnto th ast omer

sur facd0 | thomeganepuglyshstigentedenyier tiblentie yohapgeo! pireonieietial oa tpt Seasrektippimit is
such funct icenahdizd aGhEhe R nd WsiREE: 1\945.&&{& s 9 pRelor conpletely |ose
their electrical conductivity on repe ong t|on and destressing.
5The invention therefore géPFoses a process for producing extensible

el ect r odes Thisvirapdaresehf aice fouydsrs e Misr dramptiy wibesity incEhsey vephdare trpquéred to
carbon par Tek&sle@%he Iy&uo%o& GHR 4368 thdEariinERBotubd @t)ncaﬁlgﬁ&éllﬁ&sé%fry Flrhermore,
el astoner which has a g ass transition tenperature Tg of from™-1

to 5_0C andcaggompiaton of dogpgwsausly dispassedotarkpacpangaibesiemgi Pleat@a@n wgcessmg
el ongatjison candbBe 1@ YhtHyHEaf ofEhiPHEREA Ald &ﬂao@fea&ﬂ%%&%&@d carbon
particles having an average particle 10dianeter of from.1().3 rimto
5.3000 nmin a solvent which is able to brln% about swelling ofa
surface | af¥rihofubjereofdncosomiiag carberojanpiyhesdpte i thgrmeplagtica palyyrehianss, thg Bierature
of the el aghQaRS nivhdrbust HGAIRT BPAKIR t1RNAdMhed POIyARF ROfMrsIPAUsidHelSompleldly in an
acting of the preparation of the carbon particles on the surface

| ayer of t RESRICAAVEehe 1agptubes e ubspayay iﬂlépqr%ﬁéeﬁtms@fr'lymer todntiop pathe Frsulting

el ast oner  inftdRube Aisgérkion base &n SGELBMY BB efis 8B8n ACLARA M of BSured into a mold.
preparation of the carbon particles on the surface |ayer of the

el ast orfBr . TEMETPIOFSEIths laétoﬁ%mtqlwsrs%mmw%mamé evapsratiop of Higrlpge emopts of
t he presengglisgyention, firstly all particles conposed of a materi al

whi ch is not an insulator Subst ances whi ch have an el ectri cal

conduct|V|ty of, Es than 10-8. S/m @re typically referred to as
i nsul at or s A PASYP 53 TPEVBE 18 PEVIGTPPLIR BRHC PolyBerdNatsy b oy pcaatprg) dayer directly

conpri si Ng adbinalgabd Qface with1ihe PariEied) Sudth@probudtireNREEEBAdkirableOi loydek RPavoid the
surface itself is gchwlded with the particles ggt t he, mat er i al
directly baPJEmeRioned fisadvantages gt polueak copsuppon, theingeasias visgonty fne fte gflverse

t he tenm suféacs thayedhamiss mmoﬁﬁ[{ermﬁ\lxpur poses of the invention
nmeans, in contrast to a two-di nensional surface, a three-di nensional

| ayer of as the surf e of .its boundar] The
surtace | agts 2pE /BT s ARGt erbtie e e R BRI RAGUBUREC his proces,

concer ned dhid g hdst pdplilkain dftpagiolRt Bhvise dtheseore! cBarhdtérial Himension in the range

conductive i cles. ) )
ﬁ%m about 0. Isnm to about 1 c¢m is applied to at least part of the substrate. Application is carried

out in such a way that the substrate softens to such a degree that a number of particles are at least
30 partly embedded in the softened region of the substrate. Af least part of the substrate is
subsequently hardened so that at least one particle is securely embedded in the substrate. It is stated
that heating can aid the embedding of particles. The embedding of carbon particles such as carbon
nanotubes in elastomers is not specifically described. The examples in this patent application

concern the embedding of silver nanoparticles in polyvinyl chloride.
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In step (A), an elastoner is provided. For the purposes of the

present i nweHtipPgosgast oners are pol yners which have a Stﬁ_bf/ﬁp?_é’l@%;ﬂgg,
but can be elastically deformed. Accordi.ng.to the invention,

el astomer has a glass transition tenperature Tg of from - 1300 to The
glass tr an@oﬁée@ﬁbnﬂﬁ%@ﬁe%&ﬁr@s G&be e ndat fF Hupeded Bro@@s%”@@-'ﬂ?dﬁué’ih% Rxtensible
the standard DIN EN |1 SO 6721-1 and can also 30 be in the range from
-80C to _<cletigrdephavinggandustive cpghen payticlgpigcormyntedisiorbs elastemss syrfagedt wed also
provi des f@g tdagbistd Bes ﬁ)dhaloﬁ?)?oc:@s’sé’ssﬁnf)%ﬁ ﬁﬁﬁﬁorﬁﬁze@%@a@@ﬁéﬁsu‘ﬂa@é@ which do not
increasing elongation. This refers to the behavior of the stress a at

t he i nt endé&pmpisiElytlesslsirlasiicalgpndustivity eagencaigd clongation srdelesiressing. Wo

2011/ 009549PCT/ EP2010/ 004283 - 5 - particular, that in a

stress-straghp e théra%rec%{)y@,esf Pbrobhis &t fr8RSing cHARAFLIP lecthRAXEhAVidOF flrface
maxi mum I n ot her words e el astoners do _not display a yield point

in the str S OMPHFAE elﬁ?tv@llyp%ndwtevﬁ|°§”ﬂoplypaﬁﬁ1?5aﬁhléh episenths SeMiave a
stress a which increases progressively with increasing elongation

W t hout di gR) aybRFistnydfah dlaRtOhetwiith 1@ oHsé £5FtSh iehlgRrabldé YEof from >-130°C to
Preference i s gl ven to the stress a not 5decreasing with increasing

el ongat i on FhCenbingyhicy thnyess ages B‘Efldécréqs‘éﬁ’%H’éF@Sl%ﬂ‘m&ﬂP?%out bei ng
restricted thereto, have a Shore A hardness in accordance with | SO
868 of f rOI(I]B)ZO povisidalof al BRpRAIMNET Ehag@teattaf§ Aridh ganikles Galihy ablRd&hge particle

tensile .CO S|ve tress have tensile strengths. In ,
accor ddfce CHER 6 RPB=83 § %ﬁﬂ’%%’g@ o e g bR oo ppling of
stressing, sﬁmylah/&fcgﬂie)éld’s@hﬁf;n to their original, undeforned shape.
10 Good el astoners display only a snmall residual el ongati on and no

appr eci abl cree under. | on n i cal e denc

in accor daﬁ@e WI THIBEPRCERF 1 fa?gliyﬁrg}e %F %?%%I“V&ag% ﬁ‘%?re}%’PBF‘ﬁF ftéles

5 5% Step (B) conprises provision of a preparation of unaggregated

car bon par el esctm'gkmifsherm@asat]bmaﬂthe bzequa:anldds @8 tlarsarfiredsentf s elastomer for a

separate | ndl Vlh(iic;llns in l?ffic:le toegr Eh er? Sto ermoso gro aatdI east have such a

Iowdegree fs gregalonmlgetefhén |llt oh'is stable. In a

stabl e preparation, no floccul ation or preC| pitation of the carbon

particliés @cur snctilug ofintlje a¢ton &) ¢hegirepacdinn bEp erthon patiflor omathp ewrfaod layér of the

at |east ong. 8'1%%’ preferably one week or four weeks. To produce such

a prepar ati’on he aggregates of the carbon particles which are

present can be broken up by input of energy, for exanple by neans of

ul t rasound Elqﬁricalisn@némﬁi@e satigdeosre Hpgthe phwases b e esescriipvehtiop, fitsH all particles

sol vent is (§rﬁ+c§9& Qertli]@}hlchtls £/ HQ]SIE'[O?@LI% am:e}snﬂqsﬁl 1%9@&%1&%5195011&&%\:@

carbon particles an astorrer sur ace e ave

particle dichfrst &an dan Sahsee b@lcﬂlll'ly teffpared dm ge ifsklotersmIhe pam@I@s mﬂ 1mrodﬁ1¢etdrunto a

3 ni n e r

scanni g oreers bt dsEBls 46 ASLALTIARE e RABTR Bl AP b it i

can be an aaned@dls&fltbrthmpm@aiué@uﬁlesnﬂw@hﬂlreqln belhw thaguriaee destekes up the partlcles

pref erence BV

S0t vent cat RSy delefh o the DR @y s BRI e 0N et ot o

el ast omer . aTwedinensietiah sirtqu @ dlrse- dlmmat llamr ofwatgddivthicdhiat theatréce haane of its

been added e r I

traces of \Rgl%dgpe% ’fl%l s\ﬁﬁ%e’ l'ra)l%ygs d1§ﬁ1'gﬁigﬁﬁ fItOH'l thE ﬂ'ﬁéfg)tr of ﬁie e%:’trﬁg%’{%#'r%?ghﬁast in
. 3% bySweitghit c@m:dnsrtbfpse ebctat@b'a;bhqncth_@raﬁmby wei ght I f the

solvent is an aqueous solvent, the carbon particles can be

deaggl omer f g, ARl ok €Rluol:Br RIRLARANEL e MrpBAYioh HRMObnSHEdA6E UGl are

ot her surface-active su stances. The car bom particl'es can be prese

i n the sol velmeisrwhichchave @rstablgtshang tof canf ey clasiieatty| deformieds iycCordingddotpe mventlon

0 0% by el GHE o 6By el Shi B ZUE TP G006 oRetPEAAETh o3y B mastin

temperatures can be determined in accordance with the standard DIN EN ISO 6721-1 and can also

30 be in the range from =-80°C to <-10°C or from =-78°C to =-30°C. Furthermore, the invention
provides for the stress ¢ in the elastomer not to decrease with increasing elongation. This refers to

the behavior of the stress ¢ at the intended use temperature of the ¢lectrode. This means, in
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The contacting of the surface layer conprising an elastoner with the
prepar at i oRyef0i1guesas bon particles in step (C) is naturalpyTapbdiofds2ss
out over the surface of the elastoner. In_the subsequent step (D),

the preparation of the carbon particles acts on the surface |ayer.

Wt hout W $hiiR8lal BabiB alsir&d-strfn 8rapN QY dirvel thr thS stRISHIRE nbihale 4 R8al maximum. In
surface of the el astoner is swelled by the 5 solvent, pores are

formed in tOHET ¥grdsatie dasipaersatrinetaimbn el raimsn dhnstirgytene cyryg. Farticularly
these por e%mtalbre LIRSS Rt aasﬂlalﬁo&'%lf?c!h m@seﬁsres g@d&ékl%lﬁgvl&oln\ééﬁ'sfﬁg elongation
swel ling of the elastomer is pronoted wh JP dormai ns are
present i n %iheutgiplaying a weld pgu i1 & étseseatﬁam Fwe Xelprsnes is gevpleta B stress 0 not
into the syclatmehAnehicrdSingd Hf %ht}nﬁlfthél-gasﬁiﬂerpm or .0.3 pm The tine

for which the preparation of the carbon particles acts on the surface

| ayer is selected so 10t hat .the el astomer of the surface Iaér%q does

not go i nt GUEauelptemers fEy Hébert theing restrictad ibieie s iaxe pyShois Ay Birdngsy @ accordance
di ssol uti ORyifAr BELSEES ST rremW&Q@iao <f1©0 W@zyﬁm car WeBYn WRIsGAlly vBdek%@Me and
wei ght or 0.01% by weig o into_sol ution.

However , tﬁetnarre%ﬂ:\@s%reﬁfanti%vq WU‘%’ﬁtSF@?SthSSm Aefordangsy Wit EN 53 SRfiie Hherrprge from
pol ymer is Fiongh |y %ﬂ@ﬁ@ﬂﬁ&%‘%iré’smﬂg SHEY Ut lﬁ%rﬁh‘&tﬁe&r”&rﬁgﬁkﬁ@ ﬁéé%h&hes'ﬁape
in the matrix are then obtained ﬁ removal of the solvent fromthe

sol uti dA ofSophelapeingrrEisPiay eHy 2 srethispidsal plepgssion radieappregipfle erpepainflgrlong-term
whi ch the pieRAAE lof) TAE clebiSteb @B Rerldned Gih @@N%N £ sl @ﬁte?e%ﬁpszm and
that swelling of the poI ynmer surface can take place. Exanples of

sui t abl e t iMEsPBicrallyt o are from second to 360 minutes, preferably
frommnute to 90 m nutes, nore preferably frommnutes to .. 10

m nutes. FiselBYsongkies pﬁ‘tﬁr)m&mrpke%@ﬁu&m uﬁ%dggte@f:arbéiﬂaaﬁﬁ:lds thmorﬁeatnb@lat the

preparation of the carbon particles on surface | ayer.
the prepar ZETHEHS HF Preprat g5 gidhiqduel 1@@% ins{Bp sptvnbeF 24 fFast a‘fersa?h % lﬁar degree

sur f acasl ayekggrebifonSiitfialRelatyioh isGaBleS HRS@MUEHEJYaBE nblﬂas@qhtﬁ)@ of BN ition
adhering pr ePar ation. This can bhe carried out, inter_alia,

removi ng t RENSIcADPR RRHCIGHPoSRS dyfingsiomgs & ﬁ?%&e@PPréS}‘éer for g PBréOdrﬁfd‘f fepg gne day,

froma di p@tdﬂé}aﬂlﬂbﬁb wadk€orabhreGdeks AR dréRiBe BRY af épaeaxlaﬁrnh@aggfégat%@af W tchrbon
acet one. St ep i s advant ageouslgl fol | owe % r ing step.in
9 &

whi ch t he §6IF19]§?1tWhiﬁhe%r6rPEeSFlﬁ PRPSHBR TP DEITI A enemydor PeamRbiyby digans of

resul ting iulrabdi@dRAINEE prtedsBror@iShOMBircd! SINGhe a8 sQ8dtdiAB that it can both
particles bein g encl osed .in the pol . The process of the invention
Bt SRR

makes 2P pd¥E; B wrepaatipn 96 hg carpensp "I’%];}E?e}'t‘ﬁo‘%?ﬁ sWfa5st omer obj ect
with an electrically conductive surface in a targeted manner in order

t o produce TaBa@¥dge Ip&iublb iatleRE t4nQlke.be MhB GinpOfrbh & 1alnamt @TUBO WY @Rmi $3 nm to
functional i Zlﬁ@ in the cess bei ng sel Fcﬁ)ed accordi n to the

i nvention, THE B étc‘farno f"tgméﬂlesdo QUFHREBICe bY Jpeaps, of |S‘E,"‘ "é’Egﬂ THFOFCRRY of
process, thyna@hap@t@dattéﬂﬁ@. obj ect is not destroyed by di ssol ution, so
that finished shaped parts can also be treated. Since the parti cI es

are concené\[ﬁ1 d in the I’qul on close to the s rfaqe of the hect
smal l er ov "%{’ﬁﬁ%‘i’e FosAdPEY OF BRI B AT h s Bt F?SEal?fF'gre G&'is given to a
conductzbve pelaﬁslblﬁfiﬁ?iol\&ﬂf e weynat botvent éanlreadnp inted@C ORE 61y sdegMefiteldBN@s in the
| ar ge armun s of igl vents in orgder to obtai finish i.fi

d% d ngl df| eﬁj !
pol ymer, i ﬁaétB’ﬁFr tefTg "ORRAUSE YL REES e }9?6 Y5 4agaeen agded to the solvent,
di ssol ut i omutiagedts ﬂ{dlﬁﬁﬁ;ﬁ'ﬁﬂy uhdvoidsblatraes poesieb e ckanfieepiotdiemount of <5% by

concentration, of ca particles in.a range in which no
Ddust 1§ al PRI S SdausP TR pebEae P GrE B8ty st o
If the solvent is an aqueous solvent, the carbon particles can be deagglomerated and kept in

30  suspension by addition of surfactants or other surface-active substances.

The carbon particles can be present in the solvent in a concentration of, for example, from =0.01%
by weight to =<20% by weight, from =0.1% by weight to <15% by weight or from =0.04% by
weight to <5% by weight.



A further advantageous aspect of the process of the invention for
produci ng ’¥HosiAeeee! ectrodes is the treatnment of el ast ols@f,Emmmmzsg,
mol di ngs which are to be surface-coated lgy_ el ectrostatic powd

coating 5 or are to be electroplated. The electrically conductlve
particles ifcthRading fo%@lf‘e s!u%\ﬁ{@ef 1a}&T BmBASH &n LAREAUCH LIS GraStidh bfthe carbon
powder application. A f her use concerns the treatnent of el astoner
mol di ngs f@W“SkéﬁéﬁﬁﬂgbﬁHNBWHEF@E@i%ﬁﬁﬁ¥€ﬁﬁ@ﬁ699f¢ﬁgb“?mﬂis al so
possible to obtain conductive electrode materials or elastic

capaci t or sy frid rsﬁﬁl@c{u@ﬁ’trs?ep (B, @i Fr&palFiof W@Eﬂ&%aﬁfcle@ add & @b %Fa@é ﬂ%erOWﬂhout
be provided with an antistatic coating. 10l n one enbodi nent

process of WiH&g WsHidn a thepay, gt i§eyaned &haﬁ sy sugdasepefi th%gla%tmerslﬁ gpelled by the
(F) appl kcatshQeht q{oréﬁr@ﬂgﬁédl iR suBh@ahyet &R datbofl RAUEE baYl%lb?dYeEEﬁtotthsE BSres. In
surface |ayer conPr|S|ng el ectrically conductive carbon particles

obt ai ned i fhesasp el pcosoor Fyier-¢opsiing spbveaddswsliingast Be slestemen js| gromoted when

conduct i ve hh @y OlRiiRes Pleaks tﬁ@paymérunxelgaﬁ&léa Rar NG RhHIR npeg&raftéﬂﬁm the
surface |ayer before the latter does.” 15The additional electrically

conductlveSW@V@PYﬁﬁoéﬁﬁﬁheﬁFl%hﬁ’§éPH$EF4%MaﬁpIe a conductive
surface coating, a conductive paste, a netal |ayer or a |ayer of an

el ectrical Ige @ﬁi@%mmmthe%paﬁﬁen 50 PArEsh kIRt Sn MeCsutkBdelayes iid Rbted so
copper and/or tin. nmpl es of electrically conductive polynmers are

pol yt hilfphdiedhe <f1wt°g§1r t°if dhn wrfagsolayqradogs petrep Bivetplwieyt Wl argHpdugtrially
is usually uhﬁfoﬁram@dhsts@u 76463Es o whERTror Thenpletabs ve aRidRe PPk itgdveight or
for exanple, chem cal deposition, 20 fromthe gas phase, physical

deposi ti on ¥ Qirﬁ bheeighisofibprdastagper gwﬁ whitigg. HW@?‘"@P@R@@SF of th%méer@m trjiot a

to sputteriRgeQnin Shic thpol e i#RRL ljf ‘B@iﬁb%ﬂedﬁglytdlfb@ol%d%tl rﬂlle.cﬁﬁléh\éd particles in the
conductive polynmers can be carried out means of

pol
sol uti on, MSfPoREdhER cBGHEd Lxt feBRvdfolt e sgkyweﬁﬁqm thyy ﬁ?lh@crn a%éfsﬁ plgmer with

mat er i aks fh@ophifitles RAiHet, ARatmd @y ShicAtR dridiauba bf e Qatb&lparticlacts is selected so
fluorine-doped tjn(l oxi de (ETO, alum num doped zinc oxide (AZO

(AZO)
and/ or ant it wellertﬁo@d g l?cr%xmwu@ﬁea@l ekerpice. Em?éesaé gyitaplsriimes of agiop pre from
| ayer can havReondl th helsh n{aﬂt&ﬁ pfe@sivly Gbed=1 hehed @ <80 hitutdsNRsR Refefabl9Mom
10 nm toum or fromm t oum e material of the additional
el ectri cal I3 BsHGuUECt F\Peuindlgsr is sel ected so that the additiona
| ayer breaks up or ruptures first on elongation of the surface |ayer.

It is advamRggers (DRjofpiiftstheldigingbeGE Euttféﬂbf@l@iiﬂ:yﬁﬁthdﬁ'deheQicarbhﬂﬁamcles on the
overal | syst m does_not  break do abruptly due to contact_ of the 0

3
br oken2p e %6 B ChstBaprepPRiRtAR e KRR URSS sepipled i e fg surface layer.

carbon par trhe k@SachdUlyerd dag ts@@equeﬁum Filsad REEmb@ RhERIlREfArAi8RIreSs cah be carried
ot her words, alt ﬁ@gg the po g$n5|ty of an %xtensible el ectrode
decreases W HIEY X rep g <3fomFie g &4 the urfage daypto emedified from a

conpl et el y diphlhig afdER\GbREL daf tHRALE, I feka@nplY, AENARiBEeEHS When the
el ast oner |s subjected to cyclic elongatlon and destre55|ng and WO

2011/ 00954 10/ 0042 cirical, cti
oot Tod aviep (ks sarraReore aloved by T T eRc SREB AN ol AreRpn the swollen

procesgs50f site ¥R re@dved ﬂagultafgt innBe pcfrest inehPElepatiaricloaing Ghd tikecattan Peticles
particles on the su er of the elastoner in step (D) takes

pl ace u5|n§eﬂgfm%§8tﬁﬂfﬁw " heat. The energy input brought about by

ul trasound and/or heating firstly counters the 5fornmation of particle
aggr egat es Taa ﬂrotc&w of take&ntidn PORS itPossilOtoqlbdddthb sghet lapar dfiaﬁ|efastomer ob_]ect

concentrati o t he sol ution rtherpore, the intrqductio
bartr el e M FerRuE Lot OB mrHioh & e e e Pridter b cHicnsibl

case of ul TeTeﬁtS@ldn@megh& tHelegtoaiee Which iafluanhagedinsthy plot&@bdg kdttctddabddzding
30  to the invention, the electrode is also suitable for cyclic stresses. In the process, the shape of the

object is not destroyed by dissolution, so that finished shaped parts can also be treated. Since the

particles are concentrated in the region close to the surface of the object, a smaller overall amount

is required to obtain an electrically conductive elastomer surface. Finally, it is not necessary to

remove large amounts of solvents in order to obtain the finished modified polymer, in contrast to



and, independently thereof, the power density in the solvent is

fromN 1 towBGoYY/dooshs t he case of heating during ath’(ﬁf‘/E?'fzofd?lﬁ)4zs3
preparation of the carbon particles on the surface |ayer, the 10
tenperature can be, for exanple, fromOC to 00C, preferably from 40C

to 5_150C. i -

covarent |y FEALTTRRERResr PO R BROPRED RS pleroRTpa Bl AL chloliBricn s
t her eof . THhinge frewhish ehiadustripdly gispdvarthgesuspiaereasp i agtdsityioseias- f unct i onal
groups which are covalently attached by nmeans of further reaction

steps on t hebhGUaiRegeoul BspRalor telph@kss of AR u%ﬁtldﬁffor%?bﬂ@mg%xéh's%]e 8ectrodes is

nitric acid, hydrogen peroxide, potassium pernanganate and sulfuric

acid or 13hedrgaest of clasiemer meldings which ge to he irics-enaterl b clertonstatip pewdes poating
of the gar o PR GdBdpihSd AR éﬂ&qmaﬁy cHIUMARE FaRicRE i BR HUSFeeQhyer here ensure
noncoval ently function ?lzed particles is that the r electron system

of the sur figpevedselggrosigiic pa‘ﬁ@eéwpamtlemmtﬁkr&eeméﬁ eonserms jtheugeatpent of elastomer
contribute ﬂ&dlﬁ%}efo?lp?éi)talrah&?-lforcawﬁﬂdr&ict e/oamh s lsf s 51) gmb@meb NLonBfctive
t he process of the i'nvention, the carbon par icles are selecte from
the group elsaedstmaigrialt orcelashie sanraiiess. Uhabermeten gleetraig ¢onggnéstnor cable sheathing
nanotubes,cgyﬁg#w@h&hﬁﬁhgqgugggq5gp@s 20 carbon nanohorns, carbon
nanooni ons, | erenes, graphite, graphene, carbon fibers, carbon

bl ack and conductlve carbon bl ack. These particles can not only

i ncread@ t heons) a¥hedimea of thsriverets of theyinysgtions the gracess fether ¢pmmmisgsitiecatep:
properties of the surface layer, for exanple elasticity and inpact

toughness. (For t 1cQtEHnQﬁSa§5adﬂiftloﬁdl| RlekiM¥AR dRMuctiCA RN NRN QI MBE Biyer comprising
i ncl ude aII sin or multiwall carbon 25 nanot ubes of tﬁ

cyl i nder ty‘]&emcgbfr &9 ndufftyfsecarh?m parédesopPtaipghdn Slerhdb) iy Bh Whereribe jakditional

structure. eBEte‘bﬁryeaﬁeudnse GHy¥e Bbthifed Brefl@ RO hup@les JnadIBRBASOMhY Q@ﬁaceﬁayer
the cylinder scroll type, multiscroll type or m xtures thereof

It is advaﬁ?@ﬁegﬁgﬁﬁ6wﬁ%he carbon nanotubes to have a ratio of |ength
to external dianeter of preferably .100. In contrast to the

abovenmgnt i qnedddkieancleasidnn cmmawébeﬁ:r af stéh@) s&d B, lfortexREpIB.aY EdMBuddiv Yurtace
one 30 continuous E%Flnterrupt raphene Iayer there are al sa

car bon nan&PiiBé &tPEEEHYeBahid cPi‘e@gllf’é'F%Pr 8 a¥er it (Aafipgisjeadly qRdSHYE Bolymer.

| ayers whi ¢hadgles 60 rﬁhatm\s_edret £o1d,0§ieR Bpe kandBfl tih OEkAblekDof WLt conductive
referred to as the nu Ls roll The car%& e(51anotu es _are

descri bed PRYBES1HC RS 3’@?311%9?“16\?1 Y(é Aredly ) Shigly s usually
ref erence. r@f&lréﬂ t8tag PEDOTrI FED TR TR ﬁl@taIsQ:aﬁ Be afAedabr HanPlel B shefical B&position

i;P?ng cal(% gee]s %ﬁ;@%lg?@g%t{%%{ﬁ@? ggt : %get (%rsgutngrmgu Plréf{ar\gx?c!ells here given
2011/ 00954&Pﬁft&H%Qﬁanf @O 2BE appBratiodWiNig elbdridaBl adidctive pbi?ﬁlel%tcﬁﬁlﬁé éﬂiﬁ’ed out
of the S|n | e-wal | ngdrlcal rbo nanotubes &Fyllndrl g

Unl i ket he 5% Z68MH *Phimghtadion; ollowed by aouion of ibe Sohbi gt P@F%ﬁ@ﬁ‘é“als

or graphi t gorltey&KBichdl myeeaeuﬁa;hb@mom@@ropeﬁo@iawopmim WRide VTEYYESuhAum-
omthe center of the 5 carbon

cross section, Contln r

nanot ubes Fqudﬁelcd‘fﬁ’tdE @)g%‘d&’f PRIy [9aReg tingN? pride (Aifﬂ)s can, for

exanpl e, allow inproved and faster intercal ation of other material s
into the tﬂ'hEadditaﬁiEI\/mh’ck‘J,c 18jeneR HAGY, &ithPR Meig gRSicRt theRV® i kiailness@$ oMt £10 nm
zone for the terc Iat conpay ed to carbon nanot ubes havi ng a

sinple scr&?ﬁ PPGE e*%f%ﬁﬁbﬂ 4§96, 34, 1301-3) or CNTs havi ng an
onion-like structure (Science 1994, 263, 1744-7). 10 The carbon

particl es ahe npartesifilesfabd ydditivhli mtdcamacdmdﬁbtmaI@EMbeaedei whthfiakeadditional layer

di aneter o om run not

uat! onar bk Bt gl fat of Songiat of aBosuhcy el ot agemrecars ber B e

t he nanot ukkstricdltconduntidlyse (heoverall HHetemadvge nétrieesk own abripandue to contact of the

advant eo sly frommn tonm The | ength of he nanot.ubes. is initiall, .

o o a0 olokfpstie SR pob Rt i 188, S OB OPRE oy B e, B fead s
mamtamed to a certain degree. In other words, although the power density of an extensible

electrode decreases with time as a result of the stress, it does not cease completely. This behavior is

particularly advantageous when the elastomer is subjected to cyclic elongation and destressing and



25 solutions with the carbon particles and at the sane tine | ead,

when the povgmer/e®sappropriately selected, to swelling ofpdivEP2010/004283
el astoner surface. M xtures of the abovergenti oned sol vents incl ude
cases in which the solvent is also soluble in water in the desired
propor t i on elRyirie&ElSsndudingtyGORLAGH ong 1f entiRingir f ace | ayer conprising an

el astomer with the preparation of the carbon particles can i nter

| b { t t
Spraying attipareress poteie o e abfebs & e fvendh B affiectl b erpgina of e
treated by cﬁib&ppﬂgclbsﬂo@ tHdi upthdeglaatdy. théel@@dilﬁttrﬁﬂ&té@ (D) 4es §laf:e9’ﬁsmg ultrasound
produci ng mer_filmtreat

a d can . a asily
realized. ﬁP‘?ﬂ‘t %5 Bt %1%19’&%1%“6?%9“8@%?@8% by @F“é‘&ia?ﬁ%%ﬁwn% &“é]éf counters the
printing, &rh@isn M‘r;ﬁrtiare(z@gt@gat&mn@ihueImaﬁésm paabibly t@@mﬁuﬁighaq)aﬁicrel&hctﬁl@alons

such as condyc on t e el a tomer_ obje

2011/ 009549‘}3%? [BE 8%“6%%’?8‘? the figrodu thf’“a"fftﬁ‘? {)%91%%0@? FRstPmgs sufes layer is
process of atdeRrdtdiv Bithé &Re off €asBhiRSThe TR GuehSy i§ alwwaiagsbudly aomt B8 19100 P20 MHz
O S o i PR el g phe e is B0 2P WA RV 1n e
po: y(acryl @wgtdflhleallngcziuﬂﬁg Batlon rase&magﬁh épélraafﬁ@)af Llﬁ%tbaﬂbﬂxﬁlcles on the surface layer, the
pol yam dei m de ster, po]yether ether ketone, polyether ester

pol yet H§| eﬁ%“pe?tt F%‘ﬁ’@t%? WE’P% OrFLﬁ§'Be(|: to SRRV X H§PdR Eow240°g to <I50°C.
tetrafl uoroet hyl ene), poly(ethylene-co-vinyl acetate),

pol y(et hyl etl‘IepQS@rblei foiythe edrbcaatticles ibed@boBibe ico@Rady fipetidnklied Gathkpaythe surface

Dot hacr vl atBac Sroe b ¥ iieisothan e ogriciey benap, aidispy funcfighel srous

met hacr yl atwioh@rdttvalehtBngachd 5 We@rﬂea)f furtbief fehdtﬁﬁ stepd @f théiSsurface. In particular, the

B eSS0 S B S5 Bl TS oo it or
10l n a 1bur aheesigehddinreest thedk dgbes Mromﬁﬁ&nﬂfzaﬁdheofi tlw eirbb0PartitlBLis avoided. An
T step (DFverE Halk St Pt bR Bendeed St Held e voBiy s8R of he
ot her regi emgact tsaet dibiptedautl camiheredreednkingatb koht Ciaunokd glid sl trRhirdofdudlias,.
such as conductor tracks and the |like can be produced on the

Cnvent i on Shh g exRingnlS AlbeeS SLRE iy ety B PuBFCRANLE Sy e fom e
surface | agmup (abnsistmgmﬂeaﬂacmhﬂnmbets OsinglddBalb bib@mandthiess Sppeldivhll earbon nanotubes,
resi st can be eterr ned in.accprdance wi.th the stan ASTM, D
257. THI s F SPUREB™S SYBPRFEPABTY> ﬁ’ile‘ieﬂeé‘ FapiE §p éar%"’bﬁPﬁ‘"% rﬁg‘/‘%b8“ black
000 000 oh mlctmndmwe cqnb@f Elacacblryesé particied canarot by incidek me Qleakital eonduddivty but
| ayer thi ckpess reig uir E ?n ul aqkeﬂthe ) GICI fic resi Slt a§c§ ? can.

be obt ai ned™f rBRISF dRTPEH p&?pg 168 W b SUTfac RYSPnERh, BPGRIS daslipip, pnd impact
20The presenihiesvention |i kew se provi des an extensibl e el ectrode
conprising an el astomer having a surface Iayer whi ch corrpri ses

el ectri cal by, ONAdHGLYE FALOORPALICELE5 A £AR DA

process accor r]i)grp the'i Aven e

transi 26on nar&mbes af theecyligden ftyrfey snm_:ll .typ_e,lﬂﬂrﬁsd;roll @@eamd;aving ramkmnmrallke structure.

t he stress not_ decrease wth increasi ation in th

el ast oner. Pfféfereme i Pds The 8i'as 61#119“{3}3111 an np(I)1 Sribfe Ogrr%e 8”@%& Lps S‘ir?n% type,
el ast oners muitfsfneﬂem@r n2Bunss thbrebﬁ Itrmd@ahtagadasafor Hasatber nareaubes teihtive a ratio of
regardtotlh £ adlameg %r@ ﬁorder to avoid repetition.
Extensi ble'@ ec rodjés sCcor |ng £he F0%ent i on are, for exanple,
useful in elastoner noldings which are subsequently to be coated by
nmeans of ellectntesttatthe amwwiomﬂalmowg qarboelremcttmp ke thet sicmllc‘r@m hzmylg)amly one
g;ﬁe;[, 2?9 gr %élﬁ%fl&%%é%he%{)ﬁgﬁgﬁa élgli(alxgrp hel% areta?so ca %%;[1 glé)n%{ut e stru u?er%ew%& con51st of
Parti cul ar khylyalef efrgraﬂhemrsleﬁrsawbch ardlcmablecﬂ tbtfmtrfmstadkeahd)mlledi np.dis is referred to

as the multiscroll type. These carbon nanotubes are described in DE 10 2007 044031 Al, which is

s%ng e-waQﬁor leuwlall carbon

fully incorporated by reference. This structure is related to the carbon nanotubes of the single scroll

type in the same way as the structure of multiwall cylindrical carbon nanotubes (cylindrical



5 *further materials are also included. They can be, for exanple,
consuner anwoQoesowsieh at | east partly conprise an el ast arET/EPRfiA02283
and in which the electrically conductivegarbon particles have been
introduced into this surface or elastoner surface layer. In a further
embodi ment MWNIhes ellged toode sehictibafithy sngleoall dyhgiriear Heddn PRARsthEds §ytindrical
are present %@m n the elastoner material of the surface |ayer

surroundi n& in a proportion of fromO0.1% by 10 weight to 10% by

wei ght. The proportion can also be in the range from.? _0.5% by

wei ght to Unlike k¢ oasd gihthe @hiohliRenstbyctunes, ¢at individhal. dosdhbne weirgdhite 1akB8 in these
content of cgrbonoga%tigl.es in the surface | ayer is.ult'ir’rﬁtel?]/|

i ndi cat ed tHEPRBYRCPRE ORGSR SEVERE SOPT SEECY SPUMUPHL fam the &eigrof the
OL t heI sb{ eaibon hizﬁfﬂb?“miocthea biéter aiﬁassltimmﬁrinﬂeﬁﬁ;ﬂroh.arhmm ﬁgig:[aamparmlswi iffpfoved
the calculatiaqn, is rme the | owernost (innernost).line up to

whi ch t he @3 BBIF FFoa-! e A RO Ll e B SHES P pagn edees ar
15t he rangesaiiabidiac a8ht®fizonk Ifer fe iit@tadtésosdniphrdt to E@bont AM@otGBIARNg a simple scroll

e, SR CHRSCHER 12 D A AL SR el SRR Ll om0

i nvention, 174e7)el ectrode has a specific resistance of the surface
| ayer of from.10-3 ohmcmto 108 ohmcm The specific resistance can

be determ ned in accor,dance w th the.standard ASTM D.257. Thi

sl ot 3006 1P ciPor SRBHRTE mrtrbdly WP A e M G v se H fom
cm nore prxfeiaply00 nonkd o8 moCvaRntly LO0H@@A0zcahThe Blambter & ek bived on the
enbodi nent of the electrode of the. inventi.on he carbon rticl

are unf uncfl B FIRYST ﬂf{;ﬁ?i%‘?tl‘beé-ail B6h aﬂqgn]?)e‘t E‘b%g Wi " agﬁ?%ﬁ%t%@ ngt and
fronri m t o addfigsumsly Then diGieter<dosinherhe 1bgsleds tie ddnetubaseis dffifially not limited.
di ameter of, the nanotubes. |t . can_.also he in the r e fr mto 80
T band ST oL LT s i e 3t iR e 0% b it SRE it hvastee gl from

nanot uliés ix=l0ium toi s3d pm.not |imted. However, it can be, for exanple,
in the range fronumto .100 p. mand advantageously from.> 10 p.mto

In a further odi_nent. of e electr .0f the. inventi.on his h a
ot and o 20RaRa-RErpudl o A B0REH B RE Rsnd i o RR § Somi et e S
car bon par towsisésg ofwneth®ioh efmndal, Koprgtananbhtaet eiglese plyad eprbapi@r ek b@Plene
arranged oppasite. on nqt her and are separated fr.om,on not her, .b

an' el ast ome Paydr i d LS ITRLSD ST S pribcdgs, PRHETITEE dfghroctanc
second sur frxdéréregfiems, amghyletee gthitiridy, jtlekdkatanet hid, Nsdipathgforngmide, dimethyl

el ectri-gal | insul atin | as . -An el.astic capacitor c e
Coart a8 R bR Ny S8R SefRRE Wikl SRiErers, syrene,
| ayer s sepaolgtstal fmjydds, dioblethet mpblyols,Amedigtiethyb iketone | etlgtienie cglldoy monobutyl ether,

conducti ve ,l [ a nti one bove is.then arr.anged directl on.t he
Coret ety detRhe BRedE AL ARG B0 S bl RELE AR Enr blsBEE 53 Blkolst or e
12 - | n a fwwehertioembotliens miithofater.he el ectrode of the invention, this
conprises an additional electrically conductive |ayer arranged on the

surface | a I Sl l. I i ve rhon rticles

wher ot n 1 haesaP TR S L L P EbirEy Yol UL, PbR IR Bl Gl e

rupt ur 8§ onoclefiam gathi the cagbont fretidasrahd eethk ayme tibeflead ewhdnahd polymer id @prgopriately
selected, to swelling of the elastomer surface. Mixtures of the abovementioned solvents include

cases in which the solvent is also soluble in water in the desired proportion by mass.

The contacting of the surface layer comprising an elastomer with the preparation of the carbon
particles can, inter alia, be carried out by dipping, application, printing, painting, spraying and/or
30  pouring-on. Objects can, for example, easily be treated by dipping in a dipping bath. A continuous
process for producing a polymer film treated in this way can also easily be realized. Printing onto
elastomer objects, for example by screen printing, allows the production of electrically conductive

structures such as conductor tracks on the elastomer object.
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which are subsequently to be coated by means of electrostatic powder coating or electrophoretic
coating or are to be electroplated. Other examples are electronic components in general or cable

30  sheathing having an antistatic coating. Particularly preferred uses are indicated further below.

In an embodiment of the electrode of the invention, the carbon particles are present in the surface

layer to a depth of <10 um below the surface.

In calculating the penetration depth, the additional electricaily conductive layer is not taken into
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=10 pm to <30 pm.

In a further embodiment of the electrode of the invention, this has a first and a second surface layer
comprising electrically conductive carbon particles, wherein said first and second surface layers are
30  arranged opposite one another and are separated from one another by an elastomer layer. Due to the
production process, the first and second surface layers are integrally joined to the separating,
electrically insulating elastomer. An elastic capacitor can be realized by means of such a structure
of two electrically conductive layers separated by a dielectric. An additional electrically conductive

layer as mentioned above is then arranged directly on the first and/or second surface layer.
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a metal layer or a layer of an electrically conductive polymer. Examples of metals are noble metals,
copper and/or tin. The additional electric layer can, without being restricted thereto, have a
thickness of from =10 nm to <50 pm or from 220 nm to <10 um. The material of the additional
electrically conductive layer is selected so that the additional layer breaks up or ruptures first on
10 elongation of the surface layer. It is advantageous here that the electrical conductivity of the overall
system does not break down abruptly due to contact of the broken-up or ruptured coating with the
surface layer comprising carbon particles but instead is maintained to a certain degree. In other
words, although the power density of an extensible electrode decreases with time as a result of the
stress, it does not cease completely. This behavior is particularly advantageous when the elastomer
15  is subjected to cyclic clongation and destressing and electrical conductivity is required over the

entire time.

The additional electrically conductive layer preferably comprises gold, silver, copper, indium-tin
oxide, fluorine-doped tin(IV) oxide, aluminum-doped zinc oxide, antimony-doped tin(TV) oxide
and/or poly(3,4-ethylenedioxythiophene). Gold can, for example, be applied by sputtering.
20 Poly(3,4-ethylenedioxythiophene) is usually referred to as PEDOT or PEDT and can be applied

from a preparation of the polymer.

It is possible for the elastomer object according to the invention to be in the form of a composite of
a support material with the elastomer surface layer comprising the electrically conductive carbon
particles. Examples of support materials are ceramics, metals and also other polymers such as
25  polycarbonates or polyolefins. Thus, for example, a shaped metal part can firstly be coated with the
elastomer and the elastomer surface layer can subsequently be provided with the carbon particles

and the additional electrically conductive layer.

The invention further provides for the use of an electrode according to the invention as
electromechanical transducer, as electromechanical actuator and/or as electromechanical sensor.
30 The elastomer in the electrode is then an electroactive polymer and in particular a dielectric

elastomer.

The present invention is illustrated by the following examples in conjunction with the figures. In

the figures:



Acetone 10 El d CNT/carbon black 0.05/0.05 Acetone 10 El e CNT 0.5
Acet one 10 w@ Mit/oéhsésetone 10 E2 b CNT 0. 05 Acetone PCT/EP2010/004283

10

15

20

25

30

-13-—

FIG. 1 shows an electrode arrangement having a multilayer structure

FIG. 2, 3 and 4 show conductivity measurements during elongation for various elastomer

specimens
FIG. 5a, 5b, 6a, 6b, 7a, and 7b show scanning electron micrographs of various elastomer specimens

FIG. 1 schematically shows an electrode arrangement according to the invention having a
multilayer structure. Starting out from an elastomer workpiece, carbon particles such as carbon
nanotubes were introduced into the upper surface layer (1) and the lower surface layer (2) of the
elastomer. These particles are represented by strokes or dots in the respective layers (1, 2). It can be
seen that the particles have a limited penetration depth into the surface layers. An additional
electrically conductive layer (4, 5) is present on each of the surface layers (1, 2). The surface layers
(1, 2) are separated from one another by a particle-free elastomer layer (3). Owing to the
production process, the electrode always has a one-piece structure in respect of the surface layers
(1, 2) and the surface layers are integrally joined to the particle-free layer (3). The electrodes shown
can, given suitable dimensions, serve, for example, as film-like capacitors or as electroactive

polymers (EAP).
Examples

The examples concern the functionalization of two elastomers E1 and E2. Elastomer El was a
thermoplastic polyurethane (DESMOPAN® 3380A, from Bayer MaterialScience AG) having a
Shore A hardness in accordance with ISO 868 of 80 and a glass transition temperature T, of -35°C.
Elastomer E2 was a polyurethane prepared from a prepolymer obtained by preextension of a PO-
based polyether polyol (Acclaim® 6300, from Bayer MaterialScience AG) by means of
diphenylmethane 4,4’-diisocyanate (Desmodur® 44 M Flakes, from Bayer MaterialScience AG),
which was finally crosslinked by means of a polytetramethylene ether glycol (M = 2000 g/mol).

The glass transition temperature T, of the elastomer E2 was -65°C.

The carbon particles mentioned in the examples were in one case carbon nanotubes (CNT) in the
form of multiwall carbon nanotubes having the trade name BAYTUBES® C 150 P from Bayer
MaterialScience AG. The other type of carbon particles was carbon black in the form of conductive
carbon black (Ketjenblack 600).

PEDOT used as coating agent was poly-3,4-ethylenedioxythiophene having the trade name
Clevios P® from HCStarck. This was in the form of a preparation containing 0.3% by weight in

deionized water.

The dipping solution was produced by sonication of a defined amount of carbon particles in the
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solvent by means of an ultrasonic probe and used immediately. The frequency of the ultrasound

here was 20 kHz and the power density was 300 W/kg.

To functionalize the elastomer surfaces, the specimens were immersed completely in the dipping
preparation and treated with ultrasound for a defined time in an ultrasonic bath. After the specimens
had been taken from the bath, the surface was briefly rinsed with acetone, dried completely at room

temperature and subsequently rubbed down with an aqueous soap solution.

The optional coating of the elastomers which had been CNT-functionalized in this way was carried
out in a second step by vapor deposition of gold (Sputter Coater 108auto from Cressington) or
dipping for 20 seconds into the abovementioned PEDQOT-containing solution. The gold layers
applied were opaque and had a metallic shine. A layer thickness of over 10 nm was therefore

assumed.

Surface and volume resistances were measured in accordance with the standard ASTM D 257 on
the elastomers which had been treated in this way. Furthermore, the surface resistance was
measured as a function of the mechanical elongation. Here, rectangular bars for tensile tests
analogous to DIN 53504 were stamped from the elastomers and the clamps were equipped with
contacts which were conductively joined to the specimen and electrically insulated from the tensile
tester. The resistance across the specimen was measured continuously by means of a conventional
multimeter from Keithley, model 2400, during the slow-running tensile test, strain rate 1 mm/min,
and, in a second step, the force-deformation curve was synchronized with the resistance

measurement via the time stamp of the individual measurement.

The experimental conditions and the results obtained are shown in the following tables.

Elastomer Specimen | Filler ¢ [% by weight] | Solvent Time of action
of preparation
[miin]

El a - 0 Acetone 60

El b CNT 0.05 Acetone 30

El C Carbon black 0.05 Acetone 10

El d CNT/carbon black | 0.05/0.05 Acetone 10

El e CNT 0.5 Acetone 10

E2 a - 0 Acetone 10

E2 b CNT 0.05 Acetone 3

E2 Carbon black 0.05 Acetone 3

E2 d CNT/carbon black | 0.025/0.025 Acetone 3
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Elastomer | Specimen | Volume resistance | Surface resistance R Specific resistance p
[ohm cm] [ohm/square] [ohm ¢m] *

El a 4.0- 10" 7.3-10" 2.2-10"

El b 42108 7.7-10° 2310

El c 2.6-10° 1.7 -10° 5.1-10'

El d 2.8 - 10° 1.3-10° 3.9-10'

El e 2.9-10° 3.9-10° 1.2-10

E2 a 1.9-10" 8.0- 10" 2.4-10°

E2 b 3.6-10° 7.6 -10° 23-10°

E2 c 5.7-10° 42-10° 1.3- 10

E2 d 3.5-10° 3.6 10° 1.1-10'

*: specific resistance of the surface layer; calculated according to p = R - d with a layer thickness
d=03pm

5  The result of these experiments are shown in figures 2, 3 and 4.
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FIG. 2 shows the dependence of the force F (left-hand y axis) or the resistance of the tensile bar of
the specimen R (right-hand y axis) on the elongation E (x axis) for various variants of the elastomer
Ele. The measured curves 100 and 110 relate to the force during deformation. Curve 100 is a
superimposition of two curves which are virtually identical. One of these curves relates to the
elastomer specimen Ele without a further coating, while the other relates to the elastomer specimen
Ele with a gold layer. The measurement for the gold-coated specimen Ele was stopped at an
elongation of about 275%, as can be seen from the reduced thickness of the curve 100 above this
elongation. The shape of these curves indicates that the additional gold layer has no influence on
the mechanical properties of the elastomer. The measured curve 110 relates to a specimen of the

elastomer Ele with an additional PEDOT layer.

Curves 120, 130 and 140 indicate the resistance R as a function of the deformation D for various
specimens of the elastomer Ele. The curve 120 relates to a gold-coated specimen. Here too, the
measurement was stopped at an elongation of about 275%. Curve 130 relates to an elastomer Ele
without a further coating. Finally, curve 140 relates to a PEDOT-coated specimen of the elastomer
Ele. It can clearly be seen that elastomer Ele has a conductivity which does not disappear under
deformation and can be significantly improved further by means of an additional, conductive

surface layer in certain deformation ranges.

FIG. 3 again shows the dependence of the force F (lefi-hand y axis) for the elastomer Ele in
measured curve 210. A rough estimate indicates that the resistance is increased by about two

powers of ten in the measured elongation range of about 230%.

FIG. 4 relates to an untreated specimen which had not been functionalized with carbon particles of
the elastomer E1 which had also not been dipped in acetone (as would be the case for a specimen
denoted as Ela). The figure shows the dependence of the force F (left-hand y axis) in measured
curve 310 or the resistance R (right-hand y axis) in measured curve 300 on the elongation E (x axis)
for a specimen of the elastomer E1 which had been sputtered with gold on both sides. Without a
CNT layer introduced into the elastomer, the conductivity of the gold-sputtered specimen breaks

down on deformation even at small deformations.

Figures 5a, 5b, 6a, 6b, 7a and 7b show scanning electron micrographs (SEM) of various specimens
according to the invention. They were produced by means of an SEM model ESEM Quanta 400
from FEL

FIG. 5a shows a scanning electron micrograph of the surface of a specimen of the elastomer E2b.
An enlarged micrograph of this specimen is shown in FIG. 5b. FIG. 6a shows a scanning electron
micrograph of the surface of a specimen of the clastomer E2c and FIG. 6b shows an enlarged

micrograph of this specimen. Correspondingly, FIG. 7a shows a scanning electron micrograph of
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curve 210. (‘AS r odfy VISlontOf S“’%raf ‘té%tf*égastar%‘t“ irﬁrggﬁpgg?’%ﬁeaaﬁggﬁgfsgom L isoc 1o
i ncreaséd hgo°ahodiin which tﬁasttb@yred&sﬁtnt deemask With veraaEiag elogdtied; ongat i on

range of about 230% FIG 4 relates to an untreated speci men whi ch

had not be functronal zed with ca rbon rti ast one

whi ch had gﬁ%o Ro(twsboelecr’t PSRRI acet(""%)rraig“(d Csaﬁt/%lﬁa wbeér]tf’rﬁ‘&g eerf‘l%er p%{tmle
speci nen delmoteed of frofl =6 nnilte<B0urreinshombsent Wwhickl épebidiericiag about Beelling of a
force F (I n nmeasured curve 310 or the resistance R
(ri ght-hanguyacg%ygr&rtr?elrlraég%nﬁr 'ed curve 300 on the elongation E (x

axis) 25 for a specinen of the elastonmer El which had been sputtered
with gold ¢@) bottnisitidesf thi\urfacritayea oOMg elastyper withtthophagedion of the tdrbon particles;
el astonmer, the conductivity of the gold-sputtered specr men breaks

down ong def matLon SYen,. ur

6b, 7a and(l% shog\}gsocanﬁ] %ragﬁlgélttp ggir%r@gﬁc?ég%ﬁ the l% ‘éﬁheégmmg& ‘for a
speci nens a@@ortmhngm&ﬁmemmm@momayo svélmenqrﬁndduced by rreans of

an SEM nodel ESEM Quanta 400 30 from FEI. FIG 5a shows a scanning

el ectron mgy ogLaRhy of iht B&icAWriRGHeRlatidn SPEE BB BirtilIBEorPInE ShPILE Tayer of th
E2b. An enlg)'rged ml}l.gcrograplh0 of Cl%&Saplecr men C?FSB sﬁovlmpﬁt % ;{EE ayer ol the
FIG 6a shélgtorescanni ng el ectron micrograph of the surface of a

speci men of the elastomer E2c and FIG 6b shows an enl ar ged

m cr ogr aph 20fhd fRbcRssSR@GInTERINN cIGR T, SHRATH NG bdtmprisbhe £&: Shows a

scanni ng el ectron mcrograph of WO 2011/ 0095p49PCT/E 2010/ 004283 - 17

- the surface of a specinmen of the elastoner E2d and FIG 7b shows an

enl argéd sé&&hni ﬁ@}’l’éFté’@tcr Gt adfiiPey cleplicdly eonfustivplysrigihe furtapsplgygecomprising

seen in thelesEisI} BehdediRet dafidnMPpLHAG ahthised hatstebmsp% tes| \%ﬁare lthe,e addmonal
car bon nanot ubes. and/ or. carbon bl ack particles, are enb edde

pol ymer maflPkcalocoaiediye syet PR e cns T RRES 98 SBRbAR O ihce lavr
relief strusftdtB: GRdtIess. by the particles. Only occasionally do | oose
nanot ube ends project fromthe pol yner natri x. Overall, the particles
were thus incorporated fir yrntohhe,p urface

2011/ oog54ép@n§%®*@%ﬁ wrclaimd , whespig;thes Ctmg ;rf the Bt?@%r@twrldtf thsr Gehee ipagcles
ext ensizbl e oghRGHIFAd &FehE\hd Whstonit i RHID) AYQPIARO BiMd Sirftoul £8/f h&aal | y
conductive car bon particles, V\/nr ch conprises the steps: (A

provi si on n_el ast oner . h s | ass transition te era ure Tg

Bt T rom - $oBR PEUES GToBmr A S dn VAT SUERAIGLS b SObee b dhe Broup
with incr teazﬂsngn%bmgﬂh?@ﬁbimbeﬁ , Binglervaalll SR nﬁﬁohfbe@hﬁr{llﬁﬁalaﬁdagmn@ﬁt%otubes,fcarbon
unaggr egat ed carbon _particles an avera rtic i amet er

o 05 AHCE T30 AHROR S ITPEn SRR 9 CorBoE o RBHS (AR ndor
swel | i ng otomusiielca®en blagker of the el astoner; (O contacting of the
surface |l ayer of the elastoner with the preparation of the carbon

parti cles: DRS00l t he preaparatlon. of, (e Saraom ALY S &nSlhng o

methanol, ethanol, isopropanol, butanol, ethylene glycol, propylene glycol, butylene glycol,

N

glycerol, hydroquinone, acetone, ethyl acetate, trichloroethylene, trichloroethane, trichloromethane,
methylene chloride, cyclohexanone, N,N-dimethylformamide, dimethyl sulfoxide, tetrahydrofuran,
N-methyl-2-pyrrolidone, benzene, toluene, chlorobenzene, styrene, polyester polyols, polyether

30 polyols, methyl ethyl ketone, ethylene glycol monobutyl ether, diethylene glycol, mixtures of the



time which is insufficient to bring the elastoner into solution; and

(E) endi ng okoteer/asisyon of the preparation of the carbon pgriiphes) azss
the surface |layer of the elastoner. 2. The_process as clained in
claiml1, which further conprises the step: 15(F)application of an

addi tional a8bRekhtidnall lsMvaRNAUE tdnY AnbiBdehdl MixtRE FUhE A6&ch@MBhed solvents with
conprising electrically conductive carbon particles obtained in steps
(B) to (E) “dfftere the additional electrically conductive |ayer

obt ai ned breaks up or ruptures on elongation of the surface |ayer

bef ore the 6l dhid @bccORSlaimed in cBim TReheRIIPGE Slast@fierGd RltRM o thd @b ? cdonsisting of
wherein the acti n of fhe prgﬁgratl on of the carbon particles

the sur f ac@®WaEAofery o e BioBTrePOWHF PSS D) DR QY aesEo g o-syrene),
ul t r asoynd paRHcBlontERt co-fethyl RRAREQ GRS, SpoRamEdedpdTPahnildim e pdWelier %@Etﬁérrbther

t he carbon partlcl(ﬁgﬂ are selected fromthe group conS|st| ng of car bon
nanot ubes, XEPAYI ePUXHEr caPifbn RANSENHEs, Shyien F'Wé’PY Rear BERharRolyigayene-co-

carbon nanehiRfBero@RYIERN NIBRM -,cofviﬂyl er gRft), 9 rﬁbﬁjﬂéth}qene%aﬂtgﬁ ne alcohol)

carbon fibers, carbon bl ack and/or_ conductive carbon
process as pigs ieRaes.n pEHAPHH! koxywrhabaers. t Hatued) ablern| eolé(@neetleawfhamm-w-

the group @Q@ﬁ)hﬁﬁl’e@g—bﬁﬂcadlgﬁ-&badﬂﬁkne) ohianahyl Iﬁeﬂﬁ%mwad@ﬂﬁ-@@@t'yrene), nitriles,
et hyl ene col cl§>§)r0p ene ycol , butyl ene glyco

hydr oq dpnoﬁ fing, seﬁesphe?ew P‘%{&@P%}tl@e P?IV@W@# eemwgﬂrfi polyurethanes polyvinyl
tr|chloroebﬂ@ﬂggpgwhgﬁumbﬂﬁg@ﬂﬁgﬁmngpthyIene chl oride, cycl ohexanone,

N, N- di et hyl f or mam de, dlnethyl sul f oxi de, tetrahydrofuran,

N- et hyl - 2-pyrrol i done, benze toluene or pben ene styrene,

pol yest er %@H’YQWS?}%@I ampd m ?5  JEFEIn ‘h%f‘ﬁkﬁf ¢ layeAf teelgsiomier isnaylyesouered
gl ycol nnn@bu&y@ketMﬁﬁn“ﬂ#thylene egcoI m xtures of the WO

2011/ 009549PCT/ EP2010/ 004283 - 19 - abovenentioned solvents with one
anot her an xture t he abovenenti oned sol vents t er,.. 6.
The pr ocesd: At it dlertod| MRIISNE o SRRrHer I e iR 4w Sigprises
fromthe geRupicadBnngidting caboppdriyaer stldadag be abtajtled GyeSprotess B bigined 1n one of
polyacrylon tri poly(acrylonitrile-c t adi ene- co- st .
o1y Cacy Bl | fo7EBharR e o Rirhdi S sy Horiaip dfmergacie . 6 Foim 2130°C 10
pol yam dei ra0d€ anqdibrjieahes, thepdleysat dves ncﬁﬁl?t@éasé(ﬁitlomeream e}VcﬁigEt&fn i@ fle @lastomer.
pol yet hyl ene, ethylene propyl ene rubber,

pol y(et hyl af | oroth | ege

DO et QL LRG0 B LV SRS SO b e et
perfl uor oal(k)mo(yd@mﬁ yfhattsym belaw tiresshiyfaceubber, pol y( et hyl

met hacryl at e-coacrylonitrile- co but adi ene-co-styr ene) pol y(net hyl

gﬁf Cgﬁgglpﬁgg eﬁlges Qlléét?b'qe ean%'Ia?rﬁ e% wﬂ'r% thg c%rll%cj)‘rp %arﬁcl{es fu’e present within the
pol yur et hankastpmpoﬂnmlaiytf tlmmucfmedleyermw s}uvnomdmgf therrin de:soparmbnsuf Iffop0 04 % by
7. The pro%?g% t%s< ljln claim1l1, wherein the surface | ayer of

the el astoner | s part cover ed by a mask, at least in step (D). 8.

An extensible el ect rode corrprl sing an el astoner having a surface

| ayer (1) whildk cleoimgsleias elgimedsn ehiord hdvirgl d specbngsisthnog o thastndace layer (1) of from
particles aglg—s%aﬁlcgetoogtoabﬂg? Py a process as clained in one of

claims 1t rein th astoner has a glass transition

tenperature Tg of from-130Cto ..-0C and, furthernore, the stress a
does n@f dédriegskecipdeiss rlaioredastlpion Bhayingen firghr(1) andmbvecond 68 safse layeromprising
The el ectr C I

present i nggﬁg@%gréog%%ﬁlgea%?&( rt%tl% a gﬁlt%hﬂ Iﬁlgtngl Q{dg\%@ ‘t’fﬁla(zi 'ﬁjf §1{$fe}’g are
2010. The eirenged ophositpsong padthes dnd are @elpezlawgronwaieamthﬁrbh@ Qastdworm layer (3).
particles are present within the

13. The electrode as claimed in claim 8 which further comprises an additional electrically
conductive layer (4) arranged on the surface layer (1) comprising electrically conductive carbon
30  particles, where the additional electrically conductive layer (4) breaks up or ruptures on elongation

of the surface layer (1) before the latter does.



el astomer material of the surface layer (1) surrounding themin a
proporti on wo H1no0d344.% by wei ght to 10% by wei ght. 11. ThecEEeedroda2s3
as clainmed in claim8 having a specific-pgsistance to the surface

layer (1) of from >10-3 ohmcmto <108 ohmcm 2512. The el ectrode as

cl ai med i n 16| PheR1&tBAY hsGaithed i Gdim(1B) waadmahée&mmal(aéctr&unﬁ &ﬁﬂudtﬁb’ﬂﬁyer @)
conprising electricall conductl e carbo articjes, rei.n said

first (1) &AUPLsssAY: é)er SOPRER AR 11“5)}‘é‘r‘§“ r u%ﬂl}eéiﬁa%idﬂ%{}go% €e alypgnum-doped

anot her andin@hgids Qﬂﬂﬁl@ﬁ}e&bpfed ONTONRIRAY/BEI Y, 4 2hyRhabdgiRiphéayer (3) .
13. The electrode as clainmed in claim8 which further conprlses an

addi ti onal trical ndu tive_ la ar.ran ur face

| ayer (1) égrrg‘?‘Fs‘ﬂsﬁg 1lela"iéc ?Citfe 2y PR c‘Pl%mcérBso “r"%‘?%‘ia stralns ucer as
wher e tBe abtdirérhéeB@licath@Gtdriabdibl 2 eleruhbchinval deagoer (4) breaks up or
ruptures on elongation of the surface |layer (1) before the latter
does. WD 2011/ 009549PCT/ EP2010/ 004283 - 20 - 14. The el ectrode as
claimed in claim 13, wherein the additional electrically conductive

| ayer (4) conprises gold, silver, copper, indiumtin oxide,
fluorine-doped tin(lV) oxide, alum num doped zi nc oxide,

ant i nony-doped tin(lV) oxide and/or poly(3,4-ethyl enedi oxyt hi ophene).
15. The use of an electrode as clained in claim8 as

el ectronechani cal transducer, as 5el ectronmechani cal actuator and/or
as el ectronechani cal sensor.



